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Phosphorus and Carbon Aerosol Trends in the  
Southeastern United States due to Fire Activity 
Changes in the content of aerosols such as phosphorus, nitrate, sulfate, ammonium, 
carbon, and potassium can have detrimental effects on the atmosphere, sensitive ecosystems, 
climate change, and human health.  Phosphorus deposition in particular is not well understood in 
the scientific community and is a current important area of study.  The main sources of 
phosphoric and carbonaceous materials released into the atmosphere are from biomass burning. 
According to Hardy, Otmar, Peterson, Core, and Seamon (2001), 70% of prescribed burns in the 
United States take place in the southeast region, and the wildfire season typically takes place 
during May through October.  The highest frequency of fires occurs from June to August.  It is 
important to note that residents are advised to limit prescribed burnings during summer months 
due to high ozone season (Park, Jacob, & Logan, 2007), however, the extent to which this 
impacts phosphorus levels is unclear.  According to Brey, Ruminski, Atwood, and Fischer 
(2018), the majority of fires in the southeast are small local fires that last for short durations of 
time.  Another factor that may play a role in trends of phosphorus and carbon concentrations is 
an atmospheric pressure system known as the Bermuda High, which forms over the Atlantic 
during summer months.  The Bermuda High imparts a large scale clockwise motion of air 
throughout Central America into the southeastern United States (US).  
In this study, I postulate that biomass burning and wildfires in Central America, Mexico, 
and the southeastern US will serve as phosphorus and carbon sources.  Theoretically, these 
aerosols are transported into the southeastern US where they impact local air quality, visibility, 
and ecosystems.  I expect to observe high aerosol concentrations over the southeastern region in 
the late spring to early fall, with the highest concentrations during peak wildfire season.  To 
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observe phosphorus and carbon aerosols, I utilized an established aerosol data repository called 
the Interagency Monitoring of Protected Visual Environments (IMPROVE) network based at the 
Federal Land Manager Environmental Database at Colorado State University in Fort Collins, 
Colorado.  To explore the tendencies and correlation of phosphorus and carbon aerosols over the 
southeastern US, various software packages and code developed in the Python programming 
language were used.  The goal of this study was to examine trends of atmospheric aerosols, 
specifically phosphorus and carbon, associated with biomass burning, and to assess a possible 
link between these trends and an atmospheric transport mechanism.  
 
Background 
Aerosols 
Aerosols or “particulate matter” are solid or liquid mass suspended in the air.  The size 
range of aerosols is categorized by an “aerosol size distribution” which ranges from 100 nm to 
100 μm separating aerosols by fine and coarse sizes, as seen in Figure 1 (Lauri, 2008).  Large 
aerosol particles are around 100 μm, while small aerosols are on the order of a single μm (UCAR 
Center for Science Education, 2007)).  For reference, the size of a typical raindrop is 2 mm.  
PM2.5 refers to particulate matter suspended in air with an aerodynamic diameter of 2.5 μm or 
less (Holden et al., 2011).  Therefore, PM2.5 includes smaller aerosols within the “fine” category 
of the aerosol size distribution.  Various natural sources of aerosols include volcanic ash and 
dust.  Anthropogenic sources include carbonaceous or phosphoric material released from the 
burning of fossil fuels, industrial processes, and smoke from wildfires (UCAR Center for 
Science Education, 2007).  Aerosols play a significant role in visibility degradation, cloud 
microphysical processes, climate change, and human health. 
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Phosphorus Sources  
Sources of phosphorus include combustion (wood and fuel burning), prescribed biomass 
burning, soil, wildfires, and industrial fuel emissions (Holden et al., 2011). Globally, 13% of 
atmospheric phosphorus is the byproduct from these anthropogenic sources, and combustion 
accounts for >50% of total emissions into atmosphere (Wang, Balkanski, Boucher, Ciais, 
Penuelas, & Tao, 2014).   
Carbon and PM2.5 
Organic carbon (OC) and elemental carbon (EC) are two forms of carbon aerosols that 
will be discussed in this paper.  The main sources of OC include smoke from the same sources as 
mentioned above.  If OC is emitted directly from a source, it’s known as primary organic carbon. 
If it is produced through chemical reactions, it is called secondary organic carbon.  Elemental 
carbon is directly emitted from the sources stated previously.  Total carbon (TC) is the sum of 
OC and EC. OC makes up 90% of the TC within smoke plumes (Park et al., 2007).  These 
aerosols are considered fine on the Aerosol Size Distribution Chart with an aerodynamic 
diameter less than 2.5 μm, so they are included in the category of  PM2.5 aerosols. 
The Bermuda High 
The main large-scale seasonal transport mechanism of air in the southeastern US is the 
Bermuda High.  The Bermuda High is a semi-permanent region of high pressure that builds over 
the western Atlantic Ocean during the spring and becomes well established during the summer 
months (American Meteorological Society, 2018).  On a broad scale, the Bermuda High causes 
clockwise circulation around it, allowing air from Central America to be directed toward the 
southeast.  High pressure systems are associated with higher heights, clear skies, drier 
conditions, and higher temperatures (American Meteorological Society, 2018).  The fires that 
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occur in Central America and the southeastern US during the spring and summer should be 
transported into this region of the US by this system.  
 
Data and Methods 
IMPROVE 
Aerosol concentrations are monitored by the IMPROVE network, which is a dataset 
enacted in 1987 to monitor air quality in the US.  Aerosol measurements are taken every 24-
hours, every third day, using an Inlet, filter pack, and pump (IMPROVE, 1995; Sisler & Malm, 
2000; Malm, et al., 2000).  These sites are located in rural areas such as national parks and other 
protected environments (see Figure 2).  On the Colorado State University website under the 
Federal Land Manager Environmental Database, all these measurements can be found and 
downloaded.  A few of the various parameters available include site information, date range of 
available data, aerosol data type, and data units. 
Software 
         Phosphorus and carbon concentrations from the IMPROVE network were analyzed using 
several pre-existing software packages written in the Python programming language.  Python 
scripts were developed specifically for this study, written within the Linux operating system, to 
display data as averages based on specific state site codes within the southeastern region of the 
US.  Average trends of OC, EC, TC, and phosphorus for individual sites were created for sites in 
the states of Louisiana, Texas, Arkansas, Alabama, Georgia, Florida, Tennessee, and South 
Carolina. The IMPROVE sites used for this particular research can be seen in Table 1.  The 
bolded sites in Table 1 are referenced in the conclusion and later discussion.  However, all of the 
sites are accounted for in the plots of averages for the southeastern US. 
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Model and Observation EvaluatioN Toolkit (MONET) 
The Model and Observation EvaluatioN Toolkit (MONET) created by Barry Baker, 
(Baker et al., 2017), uses Python tools to plot data into time series, spatial plots, histograms, and 
more.  Compatible observation data includes the EPA, AQS, NADP, CEMS, Climate Reference 
Network, and the Integrated Surface Database.  Using this package, regional US averages, time 
series, correlation plots, and boxplots were created for the southeastern region of the US for all 
previously mentioned sites and aerosol types. 
Climate Data 
 A plot of the Bermuda High was created using the National Oceanic and Atmospheric 
Administration’s Monthly and Seasonal Climate Composites reanalysis website. A reanalysis 
involves modeling existing climatological data in order to represent how a particular system 
(here, the atmosphere) changes over time.  The National Centers for Environmental Prediction 
(NCEP) and National Center for Atmospheric Research (NCAR) joint reanalysis (Kalnay et al., 
1996) was used to determine areas and time frame of high pressure over the Atlantic and to 
assess the presence and positioning of the Bermuda High. 
 
Results 
 Big Bend, Texas, from 1990 to 2014, was the IMPROVE site in closest proximity to 
Central America.  As can be seen in Figure 3, the highest level of phosphorus occurred from 
April through late May, and OC and EC trended together.  The units were adjusted accordingly 
to fit the data on a graph, so be aware that they vary in magnitude from graph to graph.  There 
were also two lesser but notable peaks of all three aerosol types in September and November. 
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Breton Island, Louisiana, from the years 2008 to 2014, displayed a bimodal distribution of 
phosphorus, again with EC and OC following similar trends at lesser magnitudes (see Figure 4). 
The first peak occurred from May through late June, and the second from late July to late 
September. There was a sudden decrease in all aerosol levels in July. Observations from the 
Everglades, Florida, from 1990 to 2014, are seen in Figure 5, and those from Okefenokee, 
Georgia, from 1991 to 2014, appear in Figure 6.  Both displayed a similar bimodal distribution 
with peaks occurring during the same months, again with a decrease in July.  Chassahowitzka, 
Florida, from 1993 to 2014, did not have a bimodal distribution but rather a peak in aerosol 
concentrations in September (see Figure 7).  These results could be due to inconsistencies with 
date ranges, or perhaps a year of lesser regional wildfire activity.  The sites exhibiting the 
greatest magnitudes of phosphorus, OC, and EC overall—with levels ranging from 0.1-3.5 μm, 
and the sites with a bimodal distribution—are displayed in Table 2.  
 The southeastern US exhibited a maxima in phosphorus in spring as well as early fall in 
the boxplot seen in Figure 8, and there is hardly a correlation of phosphorus and TC with a value 
of 0.146 (see Figure 9.  Figure 10 shows that in terms of EC, there was a slight maxima from 
July through November.  There were higher concentrations of OC, however, from March to July, 
as shown in Figure 11. Another correlation plot, Figure 12, displayed phosphorus and PM2.5 
from 1988 to 2017.  The correlation was negligible which is to be expected because phosphorus 
should be increasing, and PM2.5 has actually been decreasing over time as seen in Figure 13 
(Environmental Protection Agency, 2018). 
The NCEP/NCAR reanalysis was used to create Figure 14, which shows average 
geopotential height at the 850 mb pressure level (approximately 5,000 ft) over the months of 
May through August, 1990 to 2017.  The Bermuda High pressure system intuitively acts as a 
6
Ursidae: The Undergraduate Research Journal at the University of Northern Colorado, Vol. 8, No. 2 [2019], Art. 2
https://digscholarship.unco.edu/urj/vol8/iss2/2
PHOSPHORUS AND CARBON AEROSOL TRENDS           7 
 
transport mechanism for aerosols as the clockwise motion could deposit aerosols from Central 
America into the southeast.  In order to assess the actual source and forecasted deposition of 
aerosol species, publicly available software such as the Hybrid Single Particle Lagrangian 
Integrated Trajectory(HYSPLIT) model could be implemented in order to model these 
trajectories. This, however, is beyond the focus of this work. 
 
Conclusions and Future Work 
 In terms of phosphorus seasonality overall, there did seem to be the presence of a summer 
maximum in regions across the southeast possibly associated with the Bermuda High pressure 
system.  It is interesting that there seemed also to be an additional peak in late fall.  This could 
possibly be due to local controlled burns or fuel burning in other surrounding locations.  It is still 
not clear why there tends to be a drop in values of phosphorus, EC, and OC in July, however.  A 
decrease in the frequency of residential prescribed burnings in the summer due to ozone season 
could be the cause of this drop in values (Park et al., 2007). 
 The sites located nearest to the placement of the annual Bermuda High as shown in the 
NCEP/NCAR reanalysis figure, (Everglades, FL; Okefenokee, GA; and Chassahowitzka, FL) all 
display a peak occurring in June; however, a secondary peak appears in the fall around 
September. This does not rule out the Bermuda High as a transport mechanism; however, it 
appears that this is not the primary cause for aerosol transport.  Regardless, there is a trend 
between sites displaying a peak of aerosol values in the summer.  For this reason, populations 
should be aware of the health concerns that arise with the impacts of higher ozone and wildfires 
during summer months mentioned before.  
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In the correlation plots, phosphorus and TC were correlated, which was to be expected 
because they have similar sources, and EC and OC always trended together and displayed similar 
patterns to that of phosphorus. 
 In terms of future work, backward trajectories of air parcels could be performed to 
analyze individual fire cases, using HYSPLIT.  This would directly attribute specific fire sources 
to high aerosol concentrations, especially to account for years of abnormally high fire seasons.  
Isolating the years of abnormally low or high fire seasons could aid in tracing phosphoric 
deposition to its original source and confirm the Bermuda High as a primary transport 
mechanism. 
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Table 1 
Data Site Codes and Corresponding Date Ranges for Available Data  
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Table 2 
Data Sites With a Value of P, OC, and EC Ranging from 0.1-3.5 μm, and Displaying a 
Bimodal Distribution  
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Figures 
 
 
Figure 1. Aerosol Size Distribution of volume and number concentration by diameter 
(Lauri, 2008). 
 
 
Figure 2. IMPROVE sites and IMPROVE Protocol Sites in 2016 (IMPROVE, 1995; 
Sisler & Malm, 2000; Malm et al., 2000). 
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Figure 3. Average monthly concentrations of phosphorus (Pf), OC, and EC, over the 
period 1990-2014, for Big Bend, TX. 
 
 
Figure 4. Average monthly concentrations of phosphorus (Pf), OC, and EC, over the 
period 2008-2014, for Breton Island, LA. 
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Figure 5. Average monthly concentrations of phosphorus (Pf), OC, and EC, over the 
period 1990-2014, for Everglades, FL. 
 
 
Figure 6. Average monthly concentrations of phosphorus (Pf), OC, and EC, over the 
period 1991-2014, for Okefenokee, GA. 
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Figure 7. Average monthly concentrations of phosphorus (Pf), OC, and EC, over the 
period 1993-2014, for Chassahowitzka, FL. 
 
 
Figure 8. Mean monthly phosphorus levels in box plot and actual total phosphorus levels, 
over the period 1988-2017, over the southeastern US. 
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Figure 9. Phosphorus versus total carbon correlation plot, over the period 1988-2017, 
over the southeastern US. 
 
 
Figure 10. Mean monthly elemental carbon (EC) levels in box plot and actual total EC 
levels, over the period 1988-2017, over the southeastern US. 
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Figure 11. Mean monthly Organic Carbon levels in box plot and actual total OC levels 
over the period 1988-2017, over the Southeastern US. 
 
 
Figure 12. Phosphorus versus PM2.5 correlation plot, over the period 1988-2017, over 
the southeastern US. 
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Figure 13. PM 2.5 air quality trends from 2000-2017 (NOAA National Climate Data 
Center, 2018). 
 
 
Figure 14. NCEP/NCAR reanalysis of mean May-August 850 mb geopotential heights 
over 1990-2017 (Kalnay et al., 1996). 
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